The role of langerhans cells in allergic contact hypersensitivity. A review of findings in man and guinea pigs  by Silberberg, Inga et al.
THE JOURNAL 0 .' lNVESTIGATt\'L DERM ... ,.oL{)G\,. 66:210- 2.11 . 1916 
Co pyright © 1976 hy The Williams & Wilkins Co. 
REPORTS 
Vol. 66, No.4 
Printed in U.S.A. 
THE ROLE OF LANGERHANS CELLS IN ALLERGIC CONTACT 
HYPERSENSITIVITY. A REVIEW OF FINDINGS IN MAN 
AND GUINEA PIGS· 
INCA SILBERBERG, M.D ., RUDOLf L. BAER. M.D .. AND STANLEY A. ROSENTHAL, PH.D . 
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Evidence in favo r of a role for Langerhans cells in cont.act allergic hypersensitivity 
reactions has been reviewed. This includes mononuclear cell to Langerhans cell apposition 
and damage to some Langerhans cells at sites of specific challenge to a variety of contact 
allergens. Such apposition occurs in actively sensitized patients and guinea pigs and in 
passively sensitized guinea pigs. In addition , in passively sensitized guinea pigs, Lang-erhans 
cells circulate in dermal vessels resembling lymphatics and are much increased in the dermis 
after challenge with the cont.act aJler~en. 
These observations. together with the existing knowledge that Langerhans cell s occur in 
the lymph nodes and thymus, suggest that these cells may be involved not only in contact 
allergic reactions but also in ot.her immunologic reactions. part.icularly in ceH·mediated 
reactions in the skin , 
OEFJ~'TIOl'\ OF LA~GERHANS CELL 
Langerhans cells were discovered by Paul Lang· 
erhans in 1868 in gold chloride-stained prepara · 
tions of skin [I]. In 1961. Birbeck et al [2] 
described the electron microscopic characteristics 
of Langerhan s cells as follows: clear cytoplasm: 
lobulated nucleus: absence of desmosomes. tonofil· 
aments. melanosomes. and premelanosomes; pres· 
ence of a special type of organelle, the Langerhans 
cell granule. Presently. Langerhans cells a re can· 
sidered to be of mesenchyma l origin [3- 6]. Since 
ultrastructural identification has become possible 
tbey have been found not only in the epidermis but 
also in t.he dermis [7J, lymph nodes [8-101. and 
thymus [11,12]. Cells indistinguishable from epi-
dermal Langerhans cells occur in lesions of histi· 
ocytosis X [13,14]. Structures resembling Langer-
hans cell granules have also been described in 
monocytic leukemia [15 J and reticulum cell sar · 
coma [3]. 
The term Langerhans cell. in this review. refers 
to any cell. irrespective of location , which contains 
Langerhans cell granules and which lacks the 
structural features and organelles typical of kera-
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tinocytes or melanocytes. It is not k.nown yet 
whether the Langerhans cell gran ul e is a specific 
marker. only found in one cell line. or whether the 
cells found in different locations represent different 
cell lines. t This question has been discussed in 
detail by Wolff [16]. 
HISTORICAL BA(,KGROL"l'\O LI ~KI~G LA!\GERHAI\'S 
CELLS TO POSSIBLE IMMUNOLOGIC FUNCTIQ:< 
The function of the Langerhans cell to dale has 
been a matter of conject ure. Langerhans cells have 
been interpreted by some to represent lymphoid 
cells which are capable of tormin~ antibody [\i.-
18J. It has also been proposed that they mighl 
captu re antig-enic material and thus playa role in 
the primary immune response [5.19.20]. Some 
investigators believe that Langerhans cells are 
epidermal macrophages [3,19.21]. Although Lang· 
erhans cells are ca pable of uptake of foreign 
partiCles, such as ferritin and thorot rast.. ke ratino· 
cytes do this more actively than Langerhans ceUs 
[22,23]. This would indicat.e that under normal 
conditions phagocytosis is not thei r prime func · 
tion. 
EVIDENCE LINKING LANGERHANS CELLS TO 
ALLERGIC CONTACT REACTIONS 
Close apposition of mononuclear cells to Langer-
hans cells:!: frequently was seen at sites of positive 
t Excluding the phagocytosis of such granules by other 
cells on d isru ption of Langerhans cells . 
:t: The term "apposition of mononuclear cells to Langer. 
hans cells" is used whenever some areas of the mem · 
210 
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allergic contact hypersensitivity reactions to mer-
curic chloride but not in contact primary irritant 
reactions [241. Spotty damage and a decrease in 
recognizable Langerhans cells was seen in allergic 
contact hypersensitivity reactions. In contrast, 
general damage to Langerhans cells was seen in 
contact irritant reactions. Sites of allergic contact 
hypersensitivity reactions to a variety of other al-
lergens showed similar apposition of mononuclear 
cells to LangeThans cells and damage to some Lan-
geThans cells [25,26 J. Studies in actively induced 
contact allergic reactions to 2-4-dinitro-l-chloro-
benzene (DNCB) in guinea pigs showed ultrastruc-
tural findings similar to those seen in man [27,28]. 
It was postulated that some of the mononuclear 
cells which were apposed to Langerhans cells were 
specifically sensitized lymphocytes which react 
with antigen located on or neBT the surface of 
Langerhans cells, and that this reaction results in 
the release of lymphokines and in ultrastructural 
changes in Langerhans cells. 
In order to test this hypothesis we carried out 
studies in guinea pigs which had been passively 
sensitized to DNCB by transfer of mononuclear 
cells from actively sensitized guinea pigs 129,30 I. 
Again we found apposition of mononuclear cells to 
Langerhans cells and damage to Langerhans cells 
at si tes of positive reactions. Furthermore, we 
found Langerhans cells at some of these sites in 
dermaJ vessels which resembled lymphatics [29,-
31 J. The abundance of Langerhans cells in the 
dermis and in dermal vessels in these adoptive 
immune reactions lent fu rther su pport to our 
hypothesis that Langerhans cells playa role in the 
interaction bet.ween antigens and sensit ized cells. 
Details of our findings will be described below. 
Apposition of Mononuclear Cells to Langerhans 
Cells and Changes in Langerhans Cells 
Apposition at sites of contact allergic reactions 
occurred as early as 3 to 5 hr after antigen 
challenge (Fig . 1) and was seen in active sensitiza -
tion in man and guinea pig. as well as in passive 
sensilizat ion in guinea pigs [24- 28,30,3J j . The 
Table sum marizes findings in man and guinea 
pigs. 
Langerhans cells showed various morphologic 
changes . Some Langerhans cells contained promi-
nent. partially rough and smooth endoplasmic 
reticulum (Fig. 2). Signs of injury were seen at 
about 6 hr or more after allergen challenge in the 
form of glycogen (Fig. 2) or rarefacLion of cyto-
plasm with dilatation of the perinuclear space . 
Some of the injured Langerhans cells were phago-
cytized by macrophages, while others showed auto-
phagocytosis of injured cell components 128 J. Fur-
branes of these cells are seen to touch. Many of the 
mononuclear cell s seen in apposition to Langerhans cell s 
have relatively large nuclei in relation to the amount of 
cytoplasm and resemble lymphocyt.es. However. on mor-
phologic grounds. most of them cannot be posi tively 
identified as lymphocytes and we, therefore, use the more 
general term. mononuclear cell, to describe them . 
thermore, the number of recognizable LangeThans 
cells appeared decreased at the height of the 
contact allergic reaction. 
The morpbology of tbe mononuclear cells which 
were seen in apposition to Langerhans cells varied. 
Some cells had large nuclei and relatively sparse 
cytoplasm and resembled lymphocytes. Others 
had smaller nuclei with somewhat more prominent 
cytoplasm (Figs. 1, 2) and still others , seen rarely, 
had dense endoplasmic reticulum and resembled 
plasma cells . These mononuclear cells also in some 
instances showed signs of damage. as evidenced by 
disrupted cell membranes. There was a pro-
nounced difference in the location of the Langer-
hans cells which were seen in apposition to mono-
nuclear cells . In actively sensitized patients and 
guinea pigs they were observed predominantly in 
the epidermis, while in passively sensitized guinea 
pigs they were seen mainly in the dermis 128.30,-
31 J. 
Langerhans Cells in Dermal Vessels 
In 2 of B guinea pigs passively sensitized to 
DNCB, Langerhans cells were seen in dermal 
vessels 129,31 J. This was noted 2, 3, 15, and 48 hr 
after challenge with DNCB and at 3 hr after 
challenge with a primary irritant when simultane-
ously allergic reactions had been elicited at other 
sites with DNCB. Figure 3 shows a Langerhans cell 
in a vessel. 
The ultrastructural features of the vessels in 
which Langerhans cells were found were all similar 
and the vessels resembled lymphatic vessels as 
described by Casely-SmiLh and Florey [32J. The 
vessels had a very thin. continuous endothelium 
with a thin or, in some places, incomplete basal 
lamina . Pericytes were not found. Collagen and 
elastin were closely applied to the walls. No red 
blood cells were seen in the lumen. 
Up to now Langerhans cells have not been seen 
in dermal vessels in acti\!ely sensitized guinea pigs 
or man . We believe Lhat these Langerhans cells 
were not passively transferred, since examinations 
of at least 200 cells from each of the cell suspen-
sions which were used for passi\'e transfer and 
labeled with [5- ' H Juridine were negaLive for the 
presence of Langerhans ceHs. Kven though auiora-
diographic studies showed 85% of the transferred 
cells to he laheled , none of the intravascular 
Langerhans cells showed the label. Labeled cells, 
howe\ler. were seen in some sections of skin and 
further studies are in progress to identify them 
131 ]. 
Dermal Langerhans C.u.s 
Langerhans cells were seen in the dermis in some 
actively sens it.ized patients and guinea pigs. Some 
of these Langerhans cells were apposed to mononu -
clear cells . However, in all pass ively sensitized 
guinea pigs, Langerhans cells were found in the 
dermis 2 to 3 hr or more after challenge with the 
allergen (Fig . 4). Some of these Langerhans cells 
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FIG. 1. Contact allergic reaction at. 3 hr in an actively sensitized guinea pig. A mononuclear cell (M) is seen in 
apposition to a Langerhans cell (L ) in the epiderm is. A Langerhans cell granule is seen at the arrow and at higher 
magnification in the inset. The surrounding keratinocytes (K) show a sparsity of desmosomes in areas adjacent to the 
mononuclear cell and Langerhans cell (Stained with uranylacetat.e and lead citrate, x 12,500: inset x 96.0(0). 
were apposed by mononuclear cells. At 3 hr afte r 
DNCB challenge some of the dermal Langerhans 
cells showed reaction product of acid phosphatase 
in mem brane-bound bodies, but this was more 
readily demonstrated at 19 hr [31 J. Damage to 
some dermal Langerhans cells was seen 6 or more 
hr after DNCB challenge . 
COMMENTS 
Our findings in contact allergic reactions 111 
guinea pig and man strongly suggest a functional 
relationship between mononuclear cells, some of 
which resembled lymphocytes. and Langerhans 
cells in contact allergic reactions. The spatial 
April J976 LANGERHANS CELLS IN ALLERGI C CONTACT HYPERSENSITIVITY 213 
TABLE . Findings in norma l skin. actively sensitized guinea pigs or man, and passively sensitized guinea pigs 
Normal Actively sem;itiud Passively senl;il i7.ed 
Langerhans cell s in the 
epidermis 
Before challenge 
3- 6 Hr after cha ll enge 
19 Hr after challenge 
Present 
Present 
Present 
Rare 
Present 
Present 
Present 
Present. increased 
Decreased and damaged 
Much increased Langerhans ce lls in the 
dermiso 
Decreased and damaged 
lncreased 
Mononuclear cell (M e) to 
Langerhans cell (LCl 
apposiLion/i 
Not seen Present, mainly in the 
epidermis; approxi . 
mately 25 % or less of 
LC apposed by MC 
Present . mainly in the 
dermis: approximat.ely 
50% (range 0 to 100%) 
ofLC apposed by MC 
Langerhans cells in derm al 
ly mphatic-like vessels 
Not seen Not seen Occasionally seen as 
early as 2 hr after 
challenge 
.. Three to six hours after challenge with ONeB. 
association of mononuclear cells and Langerhans 
cells ("a pposit ion") has so fa r been seen in all 
biopsy specimens of contact allergic reactions in 21 
different human subjects [26\. in 10 actively (28\ 
and 8 passively sensitized guinea pigs (31], ta ken 3 
to 5 or more hr after allergen challenge . Because of 
the dendritic nature of the Langerhans celis, two· 
dimensional ult rastructural examinations do not 
allow one t.o ascertain the exact freq uency of 
apposition of mononuclea r cells and Lan gerhans 
cells. One may be assured. however! that our 
figures (Tab.) tend to err probably in reflecting too 
Iowa level of incidence. 
With one exception. control studies in guinea 
pigs fai led to show apposition of mononuclear cells 
to Langerhans cells. The exception was a guinea 
pig which had been sensi tized with 3-pentadecyl-
catechol (PDC) using Freund 's adjuvant and chal-
len~ed with DNC8 (28]. 10 man , also an exception 
to the rule that mononuclear cell- Langerhans cell 
apposition occurs only in contact allergic reactions 
was found at clinically nonreactive patch test sites 
to mercuri c chloride (26]. 
Althou~h our studies focused on the role of 
Langerhans cell. other cell types have been found 
in contact allergy. nam ely lymphoid cells and 
macrophages 133.34]. ln other instances. t he pres-
en ce of basophi ls has been noted 134- 36]. The 
lalLer cell type has also been seen by us. 
Some of th e Langerhans cells that were seen in 
apposition to mononuclear cells showed mar· 
phologic changes suggestive of cellular activity 
consisting of prominent channels of endoplasmic 
reticulum and Iysosomes. Others showed damage. 
evidenced by indistinct cell borders and disorgan -
ization of cytoplasmic components. The absence of 
these features at. control sites makes it highly 
unlikely that these changes were fixation artifact.s. 
It would appear that the circulation of Langer-
hans cells in dermal vessels, probably lymphatics. 
and their presence in unusually great numbers in 
the dermis occurs in the course of involvement of , 
these cells in contact allergy and possibly also in 
other cell · media.ted immune reactions. particu· 
larly those involving the skin . The fact that the 
vessels resembled lymphatics rather than blood 
vessels also favors this hypothesis . Furthermore, 
ou r findings add profound significance to the 
previously reported occurrence of Langerh ans cells 
in thymus and lymph nodes. organs of great 
immunologic importance. 
The origin of the Langerh ans cell remai ns un -
known . Is it derived from the skin or from the bone 
marrow, lymph nodes, thymus. or elsewhere? Nei· 
ther is it possible at this time lo answer the 
question regard ing the origin of the Langerh ans 
cells which were seen in dermal vessels. Since, thus 
far. intravascular Langerhans cells have been 
found only in challenged sites in passively sensi· 
tized animals, we considered the possibility that 
they originate from the pool of cells wh ich had been 
injected intravenously or intra.peritoneal1y into the 
recipient animals. i.e.. that they are of donor 
origin . Our failure to detect Langerhans cells 
electron microscopically in any of the donor cell 
suspensions and the absence of grains in intravas· 
eular Langerhans cells in the autoradiographic 
preparations after injection of cell suspensions 
with 85% labeled cells, is against this possibility. 
Control studies showed that labeled cell s were 
present in t he tissue sections 1311, making it 
unlikely t hat the label was lost aft.er transfer of 
cells. There is no reason to believe that lympho-
cytes would take up t.he label more avidly th an 
other cells such as Langerhans cells. 
The question arises why we have not seen 
Langerhans cells in the dermal vessels of 10 ac-
tively sensit ized guinea pigs. even though mononu· 
clear cell to Langerhans cell apposi tion was fre-
quently seen in the epidermis and less frequently 
in the derm is 128,30]. There are several possi ble 
explanations for this (311 but we have no defini tive 
answer. 
Our findings to date tend to su pport the follow-
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FIG. 2. Contact allergic reaction at 12 hr in the epidermis in man . A monon uclear cell (M) is seen in apposition to a 
Langerhans cell (L ). The Langerhans cell shows prominent channels of endoplasm ic reticulum (ER) which is partially 
rough and smooth. These channels along with several Langerhans cell granules (arrows) are seen at h igher 
magnification in the inset . A small amount of glycog:en (G) is seen in the cytoplasm or the Langerhans cell. A lack of 
desmosomes in keratinocytes (K ) is seen in areas adjacent to Langerhans cell and mononuclear cell. Some debris is 
seen in the intercellular space (IS) (Stained with uranyl acetate and lead citrate. x 15.000: inset x 32 .(00), 
ing hypothesis: Some of the mononuclear cells 
apposed to Langerhans cells a re specifically sensi -
tized lymphocytes which interact with antigen on 
or near t he surface of Langerhans cells . In response 
to factors, Iymphokines, which are released when 
sensitized lymphocytes contact antigen on or near 
t he surface of Langerhans cells, damage to some 
Langerhans cells, as evidenced by ultrastruct ural 
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fIG. 3. Langerhans cell (L ) in a dermal vessel resembling a lymphatic at 3 h r after challenge with DNCB in a 
passively sensitized guinea pig. Inset A shows, at low power, part of the Langerhans cell in the \Iessel. The area in the 
square is en larged in inset B which shows several Langerhans cell granules (arrows). Severallysosome·like bodies are 
also seen (V). Inset C is area in inset A denoted by the arrow. In inset C two Langerhans ceB granules are shown at the 
arrow (Stained wiLh uranyl acelale and lead cit rate: inset A x 6.000; inset B x 45,000: inset C x 45.000). 
changes, may occur . Thus Langerhans cells may be 
ta rget cell s for the specifically sensitized lympho-
cytes. and may release substances which lead to 
further inflamm atory changes in the skin . Our 
repeated observation of Langerhans cells in dermal 
vessels resembling lymphatics shows that Langer-
hans cells are a circulat.ing population. If indeed 
Langerhans cells are shown to possess antigen on or 
near their surface and in the course of the contact 
aUergic reaction reach lymph nodes, they may very 
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F IG. 4. Part of Langerhans cell in dermis 3 hr after antigen challenge in a pass ively sensitized guinea pig is shown in 
inset A. Area containing Langerhans cell granules (arrowheads) is shown at higher magnifi cation in inset B. Inset B 
shows Langerhans cell granules at arrows, several lysosome-l ike bodies (V). and polyribosomes (R) (Stained with 
uranyl acetate and lead citrate: inset A x: 15,000; inset B x 45,(00). 
well participate in immune responses (i.e ., im -
munoproliferative processes) in the lymph nodes as 
well as locally in the skin . 
Taking together our findings of mononuclear 
cell- Langerhans cell apposition and circulat ion of 
Langerhans cells in lymph vessels in contact al-
lergy. and t he exist ing knowledge that Langerhans 
cells occur in the thymus and in lymph nodes. 
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there is now considerable evidence that Langer-
hans cells are a previously unrecognized cell popu -
lation of immunologic importance. 
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